J 



Europaisches Patentamt 
@ ^WfJ European Patent Office 

Office europeen dee brevets 





© Publication number: 0 224 418 B1 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specffication : 
23.01.Si Bulletin 91/04 



© Int CI. 8 : H01L 27/10, G11C 17/00 



@ Application number: 864026448 
@ Date of fOing: 28.11.86 



A programmable element for a semiconductor Integrated circuit chip. 



(§) Priority : 29.11.85 JP 268539/85 



Date of publication of application : 
03.06.87 Bulletin 87m 



Publication of the grant of the patent: 
23.01.91 Bulletin 91/04 



Designated Contracting States : 
DEFR6B 



References cited : 
U8-A- 3 576 549 
US*A» 3 793 090 

IBM TECHNICAL DISCLOSURE BULLETIN, 
vol. 14, no. 11, April 1972, pages 3348-3350, 
New York, US; SJl ABBAS et al.: 
"Improvement of the gate-region Integrity In 
FET devices" 

PATENT ABSTRACTS OF JAPAN, vol 6, no, 
189 (E-133)[1067], 28th September 1982 & 
JP-A*7-103 348 



CD 
00 

3 



Ui 



(§) Proprietor: FUJITSU LIMITED 
1015, Kamlkodanaka Nakaham-ku 
KawasaW*hl Kanagawa 211 (JP) 



@ Inventor : Nawata, Takahlro 
3, Azamtno 4-chome Mldort-ku 
Yokohama-shl Kanagawa 227 (JP) 
Inventor: Wada, Kunlhlko Pakusald 
Musashlkosugl 403 
658-1, Miyauchl Nakahara-ku 
Kawasaktshl Kanagawa 211 (JP) 
Inventor: Sato, Noriakl 
28-21, Tsurukawa 4-chome 
Machlda-shl Tokyo 1944)1 (JP) 



Gi) Representative : Deacourtteux, Philippe et al 
CABINET BEAU de LOMENIE 55 me 
d' Amsterdam 
F-75008 Paris (FR) 



Note : VYRhln nine months from the publication of the mention of the grant of the European patent, any 
person may give notice to the European Patent Office of opposition to the European patent granted. 
Notice of opposition shall be filed in a written reasoned statement It shall not be deemed to have been 
fled unti the opposffion fee has been paid (Art 99(1) European patent convention). 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP0224 418B1 



2 



Description 

The present invention relates to a programmable 
element for a semiconductor IC (integrated circuit) 
chip. 6 

An element utilizing the electrical breakdown of 
an Insulating layer thereof for storing information has 
been proposed. That is, a conduction established in 
the Insulating layer by electrical breakdown is assig- 
ned to either logical "1" or "0" in binary notation. Such 10 
a programmable element was first disclosed by one of 
the co-Inventors of the present Invention and is des- 
cribed in the Japanese Patent No.1 195815 of March 
12, 1984. Other subsequent patent applications relat- 
ing to programmable elements of this type have been 15 
filed, including a Japanese patent application 
published under No. 60-74669, Aprf 26, 1985, dis- 
closing the structure and fabrication processes of a 
PROM (programmable read only memory) and a 
mask ROM, and a United States patent application 20 
filed September 2, 1988, disclosing a structure of a 
PROM and a write operation for protecting non-selec- 
ted memory cells torn erroneous write-in. A com- 
prehensive presentation of the programmable 
element was given at the 1985 IEDM (International 25 
Electron Device Meeting), Washington, DO, under 
the title of "A NEW PROGRAMMABLE CELL UTILIZ- 
ING INSULAR BREAKDOWN" by the co-inventors. 

The programmable element, which is hereinafter 
named BIC (Breakdown of Insulator for Conduction) 30 
ceil, has a structure comprising an insulating layerfor- 
med between a couple of electrode layers. Typical 
applications of BIC cell Include memory cells for a 
PROM (programmable read only memory) and 
switching means for a redundancy circuit (a row or 35 
column of a memory cell array) In a RAM (random 
access memory). In a PROM, for example, each of 
BIC cells is formed on a semiconductor substrate so 
as to be associated wfth a corresponding one of 
arrayed transistors or diodes formed in the substrate, 40 
and thus, constitutes a memory cell disposed in a mat- 
rix arrangement The memory cell is programmed 
when the insulating layer of the BIC cell is broken 
down by a voltage applied thereto. In this memory cell, 
the BIC cell can be formed directly on the associated 45 
transistor or diode In the manner that the impurity df- 
fusion layer for the drain or collector of the transistor, 
for instance, Is used as one of the electrodes of the 
BIC ceH. This means that a BIC cell can have a struc- 
ture stacked on each MIS FET, constituting a memory • so 
cell together, and hence, does not require a particular 
chip area therefor in contrast with prior art programm- 
able elements such as fusee or PN junctions used in 
a conventional PROM. Hence, an Increase In the 
packing density of the PROM can be achieved by 56 
using BIC cells. 

The BIC ceil Is designed so as to have a program- 
ming voltage, Le. breakdown voltage of the insulating 



layer, which Is in a predetermined voltage range. That 
is, the upper limit of the breakdown voltage must be 
lower than that of other circuit elements, typically, the 
PN Junction formed by the aforesaid N+ impurity diffu- 
sion layer and the P-type substrate, for example. The 
tower limit of the breakdown voltage must be higher 
than the normal operating voltage, the read-out volt- 
age of a memory cell, for example, In order to avoid 
erroneous programming of non-selected memory 
cells during the read operation Accordingly, the 
breakdown voltage of the Insulating layer Is to be In 
the range from 10 to 20 volts, in general. 

The insulating layer of prior art BIC cells is formed 
by oxidizing a doped-poiysilicon layer. The above- 
mentioned Japanese patent discloses that a sflicon- 
oxide layer formed from a doped-pohyslicon layer 
implanted with arsenic atoms to a dose of about 
IxlO^cm 2 exhibits a breakdown voltage of 30 to 
about 50 volts for a thickness of 120nra 

However, the breakdown voltage of a silicon- 
oxide insulating layer formed by oxidizing such 8 do- 
ped-poiysflicon layer Is relatively high as 25 volts and 
distributes with a range as broad as i 7 volts. Further, 
the resistance of the BIC cells thus fabricated has a 
relatively high value ranging between 1 kohms and 10 
kohms. This high resistance is provided by the pdysl- 
iicon layer which acts as a resistor after the write oper- 
ation. The high resistance inevitably results In a low 
speed In the read operation of memory cells each 
comprising a programmed BIC cell. 

On the other hand, a silicon-oxide layer formed by 
thermally oxidizing a singie-crystal-eliicon substrate 
cannot be used for a BIC cell, as briefly discussed 
below. The electric field threshold for the intrinsic 
breakdown of silcon dioxide (SIQ2) such as silica Is 
approximately 10 MV/cm. Therefore, It seems that a 
programming voltage of 10 to 15 volts In the BIC cell 
could easily be achieved by creating a sOicon-dioxide 
layer having a thickness of 10 to 15 nrrw However, 
there Is a mode of breakdown which Is considered to 
be due to a certain type of lattice defect In the silicon- 
oxide layer, and lower breakdown thresholds dis- 
tributing around 3 MV/cm are revealed. This means 
that BIC ceils In a non-selected memory cell should 
erroneously be programmed by a low voltage, such as 
5 volts, applied to the silicon-oxide layer during the 
readout operation, for example. 

It is, therefore, an object of the present invention 
to provide a programmable element or BIC ceO which 
can be stably programmed by a predetermined write- 
in voltage. 

It Is another object of the present Invention to pro- 
vide a BIC cell having an improved insulating layer. 

According to the invention, these and other 
objects are reached by a programmable element com- 
prising ; a lower electrode layer formed on a sub- 
strate ; an insulating layer composed of at least two 
dielectric material films, for example a relatively thin 
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eOlcorwJIoxJde ffi m and a relatively thick ston-nforWe 
film, the dielectric material films being successively 
formed on the tower electrode layer; and an upper 
electrode layer formed on the insulating layer, the 
upper electrode being separated from the lower eiec- « 
trade by the Insulating layer, such that the programm- 
able element te provided with a conduction path 
between the lower and upper electrodes when a volt- 
age capable of causing an electrical breakdown In the 
Insulating layer Is applied between the lower and 10 
upper electrodes. 

Further objects, features and advantages of the 
present Invention will become more apparent from the 
following description made with reference to the 
accompanying drawings wherein : 10 
Fig. 1 1s a cross-section ilustrating a fundamental 
configuration of a prior art BIC cell ; 
Fig. 2 te a cross-section Illustrating another con- 
figuration of a prior art BIC cell ; 
Fig. 8 is a cross-eectlon Ilustrating a BIC cell so 
comprising an N+ region which is commonly 
shared with a MIS FET formed together on a sub- 
strate ; 

Fig. 4 is a cross-section schematically Illustrating 

a conduction path formed In the insulating layer of 25 

a programmed BIC cell ; 

Figs. 5 and 6 are equivalent circuits respectively 

corresponding to a BIC cefl before programming 

and after programming ; 

Figs. 7A to 7G are cross-sections Ilustrating a so 
method for fabricating a BIC cell according to an 
embodiment of the present Invention ; and 
Fig. 8 te a cross-section Ilustrating a BIC cell 
according to another embodiment of the present 
Invention. 88 
Fig. 1 1s a cross-section Ilustrating a fundamental 
configuration of a prior art BIC cell comprising a lower 
electrode 1 formed on s substrate 2 such as a silicon 
IC chip. An insulating layer 3 Is formed as shown to 
Fig. 1 so as to etectricafly isolate the electrode 1 from <o 
the substrate 2. Another instating layer 4 te formed 
to cover electrode 1. The insulating layer 4 is asflicon- 
dkudde layer formed by oxidizing the electrode 1 
which is made of a polyslicon layer, for example. An 
upper electrode 5 is formed as shown in Rg. 1 so as 45 
to overlap the lower electrode 1 with the Intervention 
of the insulating layer 4. The upper electrode 5 can be 
made of a conventional electrode material such as 
aluminum (Al), molybdenum (Mo) or platinum (PI). 

If a BIC cell te selected to be programmed, a vott- so 
age large enough to cause an electrical breakdown of 
the insulating layer 4 Is applied between the elec- 
trodes 1 and 5, hence a conduction path connecting 
the electrodes Is formed in the Insulating layer 4. As 
already mentioned, If the porysfflcon layer constituting 53 
the electrode 1 is doped with arsenic atoms by an ion 
implantation, for example, to a concentration up to 
1x10"/crn2, a sBteon-dkwdde layer 4 having a thick- 



ness of about 120 nm can be programmed with the 
application of a voltage of 30 to 50 volts. 

Rg. 2 te a cross-section illustrating another con- 
figuration of a prior art BIC ceD, with a lower electrode 
formed by an impurity diffusion layer 6 such as an N* 
region formed in a P-type-sflicon substrata 7, In this 
case, an insulating layers having a contact hole 8 to 
expose the N+ region 6 therethrough te formed on the 
substrate 7. Another Insulating layer 10 te formed to 
cover the region 6. The Insulating layer 10 may be a 
silicon-dioxide layer of a marrr^ly^jxidlzed-polysfli- 
con layer (not shown) formed on the region 6, as dis- 
closed in the above-mentioned Japanese patent 
No.1195815 and patent application No.60-74669. An 
upper electrode 1 1 of aluminium, for example, b for- 
med on the Insulating layer 10. 

The Impurity dffluslon region 6 as shown In Fig. 2 
may be an N* (or P*) region of adlodeor a drain region 
of a MIS FET (metal insulator semiconductor field 
effect transistor) formed in a semiconductor sub- 
strate. Fig. 3 te a cross-section illustrating such a BIC 
eel comprising an N* region commonly shared with a 
MIS FET, the BIC cell and the MIS FET being formed 
together on a semiconductor substrate for constitut- 
ing a memory cell. Referring to Fig. 3, the BIC oeil 
comprises anN* region 1 2 formed in a semiconductor 
substrate 1 3, an Insulating layer 14 formed on the reg- 
ion 12 and an upper electrode 15 formed on the 
Insulating layer 14, and thus, has a configuration 
essentially similar to the one of the BIC ceO of F|g. 2. 
The N+ region 12 also constitutes the drain region of 
a MIS FET comprising an N+ source region 16 and a 
gate electrode 17. Thus, the N 4 region 12tecommonty 
shared by the BIC cell and the MS FET. In Fig. 3. 
reference numerals 18, 19 and 20 respectively desig- 
nate a Meld oxide layer, an insulting layer and a source 
electrode. H te obvious from Fig. 3 that there te no 
need for any Incremental chip area for the BIC cell 
sharing the region 12 with the FET. Thus, the BIC 
eels can be formed on the semiconductor substrate 
wfthout decreasing the packing density of the FETa. 

The BIC ceUte programmed when a voltage pulse 
te applied between the lower electrode and the upper 
electrode so as to cause a breakdown in the insulating 
layer therebetween. Thus, a conduction path 21 com- 
posed of the upper electrode of aknrtnum, for 
example, Is established between the electrodes, as 
shown In Fig. 4. Uka r efe r enc e numerate designate 
like or corresponding parts In Figs. 3 and 4. Figs. 5 
and 6 are equivalent circuits respectively correspond- 
ing to a BIC cefl before programming and after prog- 
ramming. Before programming, the insulating layer 22 
of a BIC cefl te non-conductive, as shown In Fig. & 
While, once e breakdown te caused therein, the circuit 
of Fig. 5 changes to a conductive elate represented 
by a resistance R, 88 shown in Rg. 6. If the non-con- 
ductive state te assigned to logical "0* and the con- 
ductive state to logical *1 the insulating layer of a BIC 
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cell to be programmed as logical '1" Is broken down 
by a voltage pulse. 

When a plurality of such cells are disposed In X 
and Y directions so as to form a matrix arrangement, 
the cells which are programmed store logical T data 
and non-programmed cells store logical "0" data, thus 
forming a programmable read only memory (PROM). 
The data are read out by applying a read out voltage 
to each of the cells and detecting a current flowing 
through each cell. Cells each having a detected cur- 
rent flowing therethrough are defined as to be In logi- 
cal "1* state and cells having no detected current are 
defined as to be in logical *0" state. 

A BIC cell as shown in Rg. 2 can be used as a 
switching means for a redundant circuft in a semicon- 
ductor Integrated circuit When a memory cell array of 
an integrated semiconductor memory device includes 
a defective memory cell, the array can be replaced by 
an equivalent redundant memory ceil array provided 
in the memory device. Referring to a B1C ceil as 
shown In Rg. 2, If the N* region 6 has been internaOy 
connected to a redundant memory cell array and the 
upper electrode 1 1 1s connected to a read/write circuit; 
the redundant memory cell array can be activated by 
causing a breakdown in the Insulating layer 10. 

Rgs. 7A to 7G are cross-sections Illustrating the 
various steps in the process of fabricating a BIC ceil 
according to the Invention. The present invention BIC 
ceil has a structure as shown in Rg. 70, wherein the 
Insulating layer 31 comprises a first dielectric ffim 32 
and a second dielectric film 33. That is, In an embo- 
diment according to the present invention, e double- 
layer-structured insulating layer is provided between 
a lower electrode 34, which is an N* region formed In 
a semiconductor substrate 35, for example, and an 
upper electrode 36. The first dielectric film 32 and the 
second dielectric film 33 are respectively formed from 
different dielectric materials : the first dielectric ma- 
terial film 32 is composed of silicon nitride (S^ and 
the second dielectric material fDm 33 Is composed of 
slioon dioxide (SiOJ, for example. In Rg. 7G, the 
reference 37 designates an insulating layer com- 
posed of a PSO (phosopho-sBlcate glass), for 
example. The PSQ layer 37 is formed to cover the 
substrate 35 and has an opening therethrough to exp- 
ose the N* region 34. 

In the above, a P-type well formed In an N-type- 
slicon substrate may be substituted for the substrate 
35. As In a prior art BIC cell, the BIC cell according to 
the Invention as shown in Rg. 76, is programmed by 
applying a voltage pulse between the electrodes 34 
and 36 so as to cause a breakdown In the Insulating 
layer 31. 

The fabrication steps of the BIC cell shown In Fig. 
7Q will now be described. Referring to Rg. 7A, a sfli- 
corKfioxIde (SIQa) layer 38 having a thickness of 
about 20 ran, for example, Is formed on a P-type 
single crystal silicon substrate 35 by oxidizing the sub- 



strate atabout 950*C. A resist mask lever (not shown) 
fe formed on the substrate 35 and patterned to expose 
a predetermined region of the substrate 35. Then, 
arsenic Ion Implantation is performed in the substrate 
5 by using the resist mask layer. Thus, arsenic atoms 
(As) are selectively implanted in the substrate 35, as 
schematics^ represented by a dotted line 39 In Rg, 
7B. Exemplary conditions for the As ion Implantation 
include ion energy of 100KeV and dosage of 4x1 o« 
10 ions/cm 2 for the As ions. 

Hie resist mask layer (not shown) and the 8KV 
layer 38 are removed and another SB* layer (not 
shown) having a thickness of about 20 ran is formed 
on the substrate 35 by using a oonventionai oxidation 
18 at about 950°C. Then, a PSG layer 37 having a thick- 
ness of about 1 micron is formed on substrate 35 by 
using a conventional CVD (chemical vapor deposfton) 
method, for example, as shown In Rg. 7a The PSG 
layer 37 Is selectively removed to form a contact hole 
20 40 to expose the As ion implanted region 39, as 
shown in Rg. 7D, by using a conventional dry etching 
method. The substrate 35 is, then, heated in an inert 
atmosphere such as nitrogen gas (NJ for about ten 
minutes at 1050* so as to provide the step at the 
25 periphery of the contact hole 40 with a gentle slope. 
The Implanted As atoms 39 are activated to form an 
N* region in the P-type substrate 35 during the above 
thermal process. 

A sysUflm 32 having a thickness in the range 
so between 5 and 20 nm is formed on the substrate 35 
and patterned to cover the contact hole 40 as shown 
In Rg. 7E, and then, a SI0 2 fUm 33 having a thickness 
in the range between 0.5 and 1 0 nm is formed on the 
Sy^fflm 32, as shown in Rg. 7F. Preferably, (he sfli- 
ss con nitride film 32 has a thickness larger by a factor 
in the range of 1 to 40 than that of the aflfcoiKflaxide 
layer 33. The SIOj fDm 33 may be provided by oxidi- 
zing the surface of the Sy^ film 32. Following the 
above, a layer of a conducting material such as a 
40 metal or a metal alloy including aluminium, molyb- 
denum or platinum. Is formed on the substrate 35 by 
using a conventional thin film technology, sputtering, 
for example, and patterned to provide a wHng layer 
36. Thus, a BIC cell in accordance with the embodJ- 

49 ment shown in Rg. 7G Is fabricated. As in prior art BIC 
eels, the impurity diffusion region 34 may constitute 
a drain region of a MIS FET formed In the substrate 
35. 

Rg. 8 shows another embodiment of a BIC eel 

50 according to the Invention, wherein the SIO^ film 33 k 
formed prior to the patterning of the S^fim 32 and 
patterned together with the SI3N4 fUm 32. Each of BIC 
cells shown in Rg. 7GandRg.8 reveals deairaWy low 
prograrrmlng-voJtege characteristics and Or^etate 

55 resistance In the programmed state. The program- 
ming voltage, Le. the breakdown voltage of the 
Insulating layer 31, is as low as 18 volte compared 
with 25 volts of the prior art BIC cell aa shown to Rgs. 
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2 or 3 with a narrow distribution such as ±1 volt In con- 
trast to a broad distribution such as ± 7 volts in the 
prior art BIC cells. The resistance of the insulating 
layer 31 of the programmed BIC ceil is as low as 500 
ohms compared with 1 kohms to 1 0 kohms In the prior 6 
art BIC cells. 

As a variant, the insulating layer 31 of the BIC ceil 
according to the Invention may comprise an upper 
dielectric fflm 33 of SI 3 N 4 and a lower dielectric film 32 
of SKD2 Instead of the upper SIOj fflm 33 and the lower 10 
SijN4 fim 32 of Fig. 70, or may have a triple-layer 
structure consisting of upper and lower SIO2 films and 
an Intermediate SljNU film, for example. In this last 
case, the upper sDicon-dioxIde film may be formed by 
partially oxydlzlng the Intermediate sMcon-nltride film. 15 

The reason why a low and stable programming 
voltage is achieved in the present invention BIC eels 
having a composite Insulating layer as described 
above Is not elucidated yet This may possibly be due 
to the low leak current characteristic of the S1O2 film 20 
and the less concentration of local field In the SI3N4 
film. That is, a SK^film has a high resistiv&y before it 
is electrically broken down. On the other hand, a St,K« 
film reveals a relatively large leak current flowing 
therethrough. The leak current In the Si 3 N 4 film fe con- 23 
eidered to be carried through traps existing In the 
SI3N4 film and serves to reduce the concentration of 
local field to be estabBshed due to the lattice defects 
In the film. Accordingly, such a breakdown at a low 
field strength as caused in a thin SiOj ftm as men- so 
tioned before is not usualy revealed in SijN* fHms. 
However, the leak current in a Sijh^ Hm has so large 
a value as to cause en erroneous operation In a circuit 
comprising a number of BIC cells if the insulating layer 
consists only of a SfeN* film. 35 

A BIC cell of the present Invention comprises a 
relatively thick Si^ fflm and a relatively thin SK^fim, 
wherein the relatively thick SfcN* film withstands the 
operating voltage until the write-in voltage Is applied 
thereto, and the relatively thin SiO z film prevents the 40 
leak current to flow through the BIC cell. Accordingly, 
it is obvious that the composite insulating layer of the 
present Invention BIC ceil Is not limited to the combi- 
nation such as SICVSI3N4 and SICVSWVSiOa but 
any different Insulating films having properties for 46 
exerting the same effects as those of SiOj and SI3N4 
films, respectively, can be exmployed to be substi- 
tuteo tnereror. 



Claims 

1. A programmable element for a semiconductor 
integrated circuit chip, comprising a lower electrode 
layer (34) formed on a substrate (35) ; a first Insulating 55 
layer (31) formed on the lower electrode layer ; and an 
upper electrode layer (36) formed on the first Insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first Insulating layer, 
whereby the programmable element is provided with 
a conduction path between the lower and upper elec- 
trodes when a voltage capable of causing an electri- 
cal breakdown In the first insulating layer Is applied 
between the lower and upper electrodes, 
characterized in that said first insulating layer (31) is 
composed of at least two films (32,33) of dielectric / 
materials, successively formed on said lower elec- 
trode layer (34), saW dielectric material fims having 
respective specific dielectric constants different from 
each other. 

2. A programmable element according to claim 1 1 
wherein one of said dielectric films is a sillcon-rtitride 
film (32). 

3. A programmable element according to any one 
of claims 1 and 2, wherein one of said dielectric fSma 
Is a silicon-dioxide film (33). 

4. A programmable element according to any one 
of claims 1 to 3, wherein said first insulating layer 
comprises a relatively thin silicorxJtaxlde fHm (33) 
and a relatively thick silicon-nitride fHm (32). 

5. A propammable element according to anyone 
of the preceding claims, wherein one of said dielectric 
films Is a silicon-nitride film (32) having a thickness In 
a range from 5 nm to 20 nm. 

6. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
fims is a silicon-dioxide film (33) having a thickness 
in a range from 0.5 nm to 10 nm. 

7. A programmable element according to any one 
of the preceding claims, wherein said substrate (35) 
Is a semiconductor substrate having a conductivity 
type and said lower electrode (34) Is an impurity dif- 
fusion layer formed In 6a!d semiconductor substrate, 
said Impurity dtffusion layer having a conductivity type 
opposite to that of said semiconductor substrate, and 
said programmable element further comprises a sec- 
ond insulating layer (37) formed on said semiconduc- 
tor substrate, said second Insulating layer having a 
contact hole selectively formed therein to expose said 
impurity diffusion layer (34), said first Insulating layer 
(31) being formed on said contact hole so as to cover 
said exposed impurity diffusion layer and said con- 
duction path Is established between said Impurity dif- 
fusion layer (34) and said upper electrode (36) by 
applying a voltage therebetween. 

8. A programmable element according to claim 7, 
wherein said second insulating layer (37) is com- 
posed of a phospho^slicate glass. 

9. A programmable element according to any one 
of claims 7 and 8, wherein said impurity diffusion layer 
(34) constitutes a drain region of a MIS FET (metal- 
insulator-semiconductor field-effect-transistor) for- 
med in said semiconductor substrate. 

10. A pro gramm able element according to any 
one of the preceding claims, wherein said first insulat- 
ing layer (31) Includes a silicon-nitride film (32) and a 
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sOlcon-dtoxIde film (33), said slifcon-nltrlde film (32) 
having a thickness larger by a factorin the range from 
1 to 40 than that of said silicon-dioxide flm (33). 

11. A programmable element according to any 
one of the preceding claims, wherein said first insuiat- s 
Ing layer (31) comprises an underlying sfflcon-nftrids 

film (32) and an overlying sfifcorwtodde film (33). 

12. A programmable element according to claim 
11, wherein said overlying s&icon-dioxfde film (33) Is 
formed by partially oxidizing said underlying slicon- io 
nitride layer (32). 

13. A programmable element according to any 
one of claims 1 to 10, wherein said first Insulating 
layer comprises an underlying silicon-dioxide flm and 

an overlying silicon-nitride ffim. 15 

14. A programmable dement as set forth in claim 

13, wherein said first Insulating layer further com- 
prises another sOicon-oxide film formed on said over- 
lying sDIcon-nftrideffim. 

15. A programmable element as set forth In daim zo 

14, wherein said another silicon-oxide film on said sli- 
con-nitride film Is formed by partially oxidizing said 
slteorwiftridefHm. 

16. A programmable element according to any 

one of the preceding claims, wherein said upper eleo- 25 
trade (36) Is composed of a metal or metal alloy, 
Including aluminium, molybdenum or platinum. 



AnsprQche 



30 



1. Programmierbares Element fOr eln integriertes 
Halbielterschaitungschip. mft einer urtteren Elektro- 
denschicht (34), die auf einem Substrat(35) gebDdet 
1st ; einer ersten isoiierenden Schlcht (31), die auf der ss 
unteren Bektrodenschteht gebildet 1st; und einer 
oberen Bektrodei*schicht(36), cfie auf der ersten bo- 
lierendenSchtemgebndetist,weIcheobereeektrode 
von der unteren Elektrode durch die erste isoiierende 
Schicht getrennt 1st, wodurch das programrnierbare 40 
Element mlt einem Le&ungsweg zwischen den unte- 
ren und oberen Eiektroden versehen 1st, wenn eine 
Spannung, die einen elektrlschen Durchbruch in der 
ersten isoiierenden Schicht zu verursachen fan Jg ist, 
zwischen den unteren und oberen Eiektroden aufge- 46 
bracht wird, 

dadurch gekennzelehnet, da& die erste isoiierende 
Schicht (31) aus wenigstens zwei Rlmen (32, 33) aus 
dtelektrischen Materialten zusammengesetzt 1st, die 
sukzessiv auf der genannten unteren Elektrode (34) so 
gebildet aind, weiche Rme aus dielektrfschem Mate- 
rial jewefls spezffische dielektrlsche Konstanten 
haben, die voneinander verschieden sind. 

Z Programmierbares Element nach Anspruch 1, 
bei dem einer der genannten dtelektrischen Flme ein os 
Sflidumnltridfim(32)i3t 

3. Programmierbares Element nach einem der 
AnsprQche 1 und 2, bei dem einer der genannten 



dtelektrischen Rime ein SKdurnoTaxiftflm (33) 1st 

4. Prograrnmterbares Element nach einem der 
AnsprOche 1 bis 3, bei dem die genannte erste Isoiie- 
rende Schicht einen relativ durtnen Slidumdioxidflm 
(33) und einen relate dlcken Sliciumnfcldflm (32) 
umfa&t 

5. Programmierbares Element nach einem der 
vorhergehenden AnsprQche, bei dem einer der 
genannten dtelektrischen Rme ein 8UdimlMdflm 

(32) 1st, der eine Dicke kn B ereJch von 6 nm bis 20 nm 
hat 

0. Programmierbares Element nach einem der 
vorhergehenden AnsprOche, bei dem einer der 
genannten dtelektrischen Rme ein Sllcfurndioxidflrn 

(33) 1st, der eine Dicke bn Berelch worn OA nm bis 1 0 
nmhat 

7. Programmierbares Element nach einem der 
vorhergehenden AnsprQche, bei dem das genannts 
Substrat (35) ein Haibietereubatrat 1st, das einen Leit- 
fShlgkeltstyp hat, und die genarmte untere Elektrode 

(34) eine Venjr^Inlgungsdtffustensschicht 1st, die In 
dem genannten Halbleitersubstrat gebldet 1st, die 
genannte VemnreWgungsdffniilamchteht einen 
Leltrahlgkeitstyp entgegengesetzt zu Jenem des 
genannten Halbleitersubstrats hat, und das genannte 
programrnierbare Element femer eine zwefte Isofie- 
rende Schicht (37) umfaOt, die auf dem genannten 
Halbleitersubstrat gebildet 1st, weiche zweite isoiie- 
rende Schicht ein Kontaktioch hat, das eelektiv darin 
geb&det 1st urn die genannte Verunreinigungsdiffu- 
sionsschicht (34) zu exponteren, die genannte erste 
isoiierende Schicht (31) auf dem genannten Kontakt- 
loch gebQdet 1st, urn so die genannte exponlerte Ver- 
unNnlgungsdrtTusJoraschlcht zu bedecken, und der 
genannte Leitungsweg zwischen der genannten Ver- 
unrelnlgungsdlffoslonsscWcht (34) und der genann- 
ten oberen Elektrode (36) durch Auforlngen einer 
Spannung dazwischen hergestellt wind. 

8. Piogrammierbares Element nach Anspruch 7, 
bei dem die genannte zwelte isoiierende Schicht (37) 
aus einem Phosphorsflikatglas besteht 

0. Programmierbares Element nach einem der 
AnsprOche 7 und 8, bei dem die genannte Verunret- 
nigungsdfftusbnsschicht (34) einen Drainbereich 
sines MIS-FET^MetalHadator+ia^ 
transistors) bidet der In dem genannten Halbleiter- 
substrat gebildet 1st 

10. Programmierbares Element nach einem der 
vorhergehenden AnsprOche, bei dem die genannte 
Isoiierende Schicht (31) einen SBiciumnHridfSm (32) 
und einen SQIciumdioxidfllm (33) umfaBt, der 
genannte Slictamnltridfilm (32) eine Dicke hat, die urn 
einen Faktor im Berelch von 1 bis 40 grfi&er aJs jene 
des genannten Sflidumdioxldfflms (33) 1st 

11. Piogrammierbares Element nach einem der 
vorhergehenden AnsprOche, bei dem die genannte 
erste isoiierende Schicht (31) einen unton llegenden 
SIHciumnitrfdfilm (32) und einen oben llegenden Sli- 
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dumdtaxidfilm (33) umfaOt 

12. Prograrnmierbares Element nach Anspruch 
11, be! dem der genannte oben llegende Slliciumdio- 
xkffim (33) durch teBwelses Oxfdieren der genannten 
unten llegenden SOidumnftridschlcht (32) gebBdet 1st 

13. Prograrnmierbares Element nach einem der 
Anspruche 1 bis 10, bel dem die genannte erate iso- 
lierende Schicht einen unten llegenden Sifidumdio- 
xkffflm und einen oben liegenden 

^| SUidumnltridfllm^mfaOL 

14. Progiammleibaree Element nach Anspruch 

13, bel dem die genannte erste Isollerende Schicht 
femer einen anderen Sfliciumoxfdfam umfaflt, der auf 
dem genannten oben liegenden SDIcumnJtrWfDm 
gebfldetist 

15. Programmierbares Element nach Anspruch 

14, bei dem der genannte andere Siiiclurnoxidfilrn auf 
dem genannten SiiclumnitridfUm durch teOweises 
Oxidieren dee genannten saidumnttridflma gebldet 
1st 

16. Programmterbares Element nach einem der 
vorhergehenden Anspruche, bel dem die genannte 
obere Elektrode (36) aus einem MetaJJ oder einer 
Metaiieglenjng einschfie&lich Aluminium, Molybdan 
oderPlatin gebfldetist 



Revendications 

1. Element programmable pour puce a circuit 
integre semkxjnducteur, comprenant una couche 
d'electrode Inferieure (34) formee sur un substrat 
(35) ; una premiere couche isolante (31) formee sur la 
couche cfelectrode inferieure ; et une couche d*e1ec- 
trode supeneure (36) formee sur la premiere couche 
isolante, P6lectrode supeneure etant separee de 
I'electrode inferieure par la premiere couche Isolante, 
si bien que Pelement programmable est dote (fun tra- 
Jet de conduction entre les electrodes inferieure et 
superieure lorsqiAine tension susceptible de provo- 
quer una rupture eiectrique dans la premiere couche 
Isolante est appliques entre les electrodes supeneure 
et inferieure, 

caracteriae en ce que lad'rte premiere couche Isolante 
(31) est constitute d'au moirts deux peflteuies (32, 33) 
de materteux di&ectriques, qui sont successfvemerrt 
formees sur ladite couche tf electrode Inferieure (34), 
lesdltBs peillcules de materiaux dieJectriques ayant 
des constantes dieiectriques speclfiques qui sont res- 
pectrvement dtfferentea rune de I 'autre. 

2. Element programmable aeton la revendi cation 
1, ou Tune desdites peOicules dieiectriques est une 
peiiicule de nitrure de sBlcium (32). 

3. B6ment programmable seion Tune queicon- 
que des revendications 1 et 2, ou rune desdites pel- 
lied es dieiectriques est une peilbuie de dioxyde de 
e0icium(33). 

4. Element programmable seion Pune queteon- 



que des revendications 1 a 3, ou ladite premiere cou- 
che teolantB comprend une peiiicule de dioxyde de 
silicium relativement mince (33) et une peiiicule de 
nitrure de sflldum relativement epaisse (32). 

5 5. Element programmable seion I'une quelcon- 
que des revendications precedentes, ou I'une desdi- 
tes peillcules dieiectriques est une pellicufe de nitrure 
de sHWum (32) possedant une epaisseur comprise 
dans nntervaBe de 5 nm a 20 nm. 

10 6. Element programmable seion rune quelcon- 
que des revendications precedentes, ou Pune desdi- 
tes pelBcules dieiectriques est une peflicule de. 
dioxyde de silicium (33) ayant une epaisseur 
comprise dens PintervaUe de 0,5 nm a 10 nm. 

15 7. Element programmable seion Pune quelcon- 
que des revendications precedentes, ou I edit substrat 
(35) est un substrat semJconducteur possedant un 
certain type de conductivity et ladte electrode Infe- 
rieure (34) est una couche de diffusion cTimpuretofor- 

20 mee dans ledtt substrat semiconducteur, ladfte 
couche de diffusion (Timpurete ayant un type de 
conductivlte oppose a celul dudit substrat semicon- 
ducteur, et ledit 6i6ment programmable comprend en 
outre une deuxJeme couche isolante (37) formee sur 

25 ledtt substrat semJconducteur, ladfte deuxieme cou- 
che isolante possedant un trou de contact selecbve- 
ment forme dans celle-d de facon a exposer ladite 
couche de diffusion (Timpurete (34), ladite premiere 
couche isolante (31) etant formee sur ledit trou de 

so contact de facon a couvrir ladite couche de diffusion 
(Timpurete exposes et ledit trajet de conduction est 
etabli entre ladite couche de diffusion (Timpurete (34) 
et ladfte electrode superieure (36) par application 
d*une tension entre ceRes-cl 

38 8. Element progr am mable salon la revendteation 
7, ou ladfte deuxieme couche Isolante (37) est cons- 
titute par un verre de phosphosHlcate. 

9. Element programmable seion I'une quefcon- 
que des revendications 7 et 8, ou ladfte couche de dlf- 

40 fusion d'tmpurete (34) constftue la region de drain 
d'un FET MIS (transistor a effet de champ metaWso- 
lant-semiconducteur) forme dans ledit substrat semi- 
conducteur. 

10. Element programmable seion Tune quelcon- 
45 que des revendications precedentes, ou ladite pre- 
miere couche isolante (31) comports une peiiicule de 
nitrure de sBlcium (32) et une peflicule de dioxyde de 
slfcium (33), ladite peiiicule de nitrure de elldum (32) 
ayant une epaisseur plus grande, d'un facteur 

so compris entre 1 et 40, que cede de ladfte peiiicule de 
- dloxyde^e sOldum (33). 

11. Element programmable eel on Tune quelcon- 
que des revendications precedentes, ou ladfta pre- 
miere couche isolante (31) comprend une peflicule de 

65 nitrure de silicium situee au-dessous (32) et une pei- 
ttoule de dioxyde de slidum eftuae eu-dessus (33). 

12. Element programmable seion la revendi ca- 
tion 11, ou ladite peflicule de dioxyde de slicfum 
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sftu6e au-dessus (33) est formee par oxydation par- 
tlelle de ladite pefilcule de nftrure de slicium situes > 
au-dessous (32). 

13. Element programmable selon Tune queicon- 
que dee revendicattons 1 a 1 0, ou lad Its premiere cou- 5 
che isoiante comprend une pellicula de diaxyde de 
slicium situee au-dessous et une pellicula de nitrure 

de slliclum situee au-dessus. 

14. Element programmable selon la revendfca- 

tion 13, o£i ladite premiere couche isoiante comprend 1 o 
en outre une autre peflicule d'oxyde de sllfcfum for* 
mee sur ladite peJIIcule de nitrure de sHicium situee 
au-dessus. 

15. Element programmable selon la revendlca- 

tion 14, ou ladite autre pellteule d'oxyde de siOclum se is 
trouvant sur ladite pellicufe de nitrure de eflldum est 
formes par oxydation partlelle de ladite penicule de 
nftrure de slliclum. 

16. Element programmable selon rune quelccn- 

que des revendications prec&tentBS, ou ladite eleo- 20 
trode superfeure (36) est constitute d'un metal ou 
d'un alliage de m6tal, comprenant I'alumlnium, le 
molybdene ou le platine. 
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